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(54) MULTI-LAYER CERAMIC COMPONENT 

(57)Abstract: 

PURPOSE: To improve the characteristic such as Q value by forming an internal 
pattern onto a specific dielectric ceramic material layer, laminating the layer onto 
a dielectric ceramic material layer and baking the laminated component at a 
temperature over the melting point of an inner conductor and below the boiling 
point. 

CONSTITUTION: The multi-layer ceramic component is manufactured by 
forming an inner conductor pattern onto a green sheet made of a dielectric 
ceramic material, laminating green sheets, pressing through hot press and 
baking the pressed sheets. In this case, the dielectric ceramic material whose 
sintering end temperature obtained by a thermal contraction curve at a 
temperature rising rate of 200°C/hour is temperature over the melting point of the 
inner conductor. The sintering end temperature is a cross point F between 
tangential lines III, IV in the thermal contraction curve of the ceramic material. 
Thus, the structure of the inner conductor is made tight, the contact state of the 
conductor is improved and the Q value is enhanced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] They are the multilayer ceramic components which have an inner 
conductor layer and two or more dielectric ceramic layers. The dielectric ceramic 
ingredient layer of the dielectric ceramic ingredient of the oxide whose sintering 
termination temperature searched for from the heat shrink curve in the 
programming rate of 200 degrees C/hour is the temperature below the boiling 
point more than the melting point of an inner conductor is prepared. The 
multilayer ceramic components which formed the pattern of an inner conductor 
on this dielectric ceramic ingredient layer, carried out the laminating of this to 
said dielectric ceramic ingredient layer further, and were calcinated and obtained 
at the temperature more than the melting point of said inner conductor. 
[Claim 2] The multilayer ceramic components of claim 1 said whose burning 



temperature is the temperature beyond said sintering termination temperature. 
[Claim 3] The multilayer ceramic components of claims 1 or 2 whose specific 
inductive capacity epsilon in the temperature of 20 degrees C of said dielectric 
ceramic ingredient is 6.5-120. 

[Claim 4] Said dielectric ceramic ingredient is MgO-Si02. A system and CaO- 
MgO-Ti02 System, BaO-Ti02-Sn02 A system and BaO-MgO-CoO-Nb 205 
System, A BaO-Nd2 03-Ti02-Bi2 03-aluminum2 03-MnO system, BaO-MgO-Ta 
205 A system and Zr02-Sn02-Ti02 System, PbO-CaO-Zr02 A system and 
SrO-Zr02-Ti02 System, BaO-Sm205-Ti02 A system and PbO-BaO-Nd2 03- 
Ti02 A system and Li2 0-Na2 0-Sm2 05-Ti02 One multilayer ceramic 
components of claims 1-3 which are either of the systems. 
[Claim 5] The metals which constitute said inner conductor are one multilayer 
ceramic components of claims 1-4 whose contents of silver or copper are a thing 
beyond 90wt%. 

[Claim 6] The metal which constitutes said inner conductor is silver, and it is 
1x10-1atm. One multilayer ceramic components of claims 1-5 calcinated and 
obtained under the following oxygen tension. 

[Claim 7] It has a dielectric ceramic layer in the outermost layer, and the distance 
from said outermost layer side front face of said inner conductor layer to said 
outermost layer front face is 500 micrometers. Multilayer ceramic components of 
claim 6 which is the following. 

[Claim 8] Said dielectric ceramic ingredient is CaO-MgO-Ti02. A system and 
BaO-Ti02-Sn02 System, A BaO-Nd2 03-Ti02-Bi2 03-aluminum2 03-MnO 
system, BaO-MgO-Ta 205 A system and Zr02-Sn02-Ti02 System, SrO-Zr02- 
Ti02 A system, BaO-Sm2 05-Ti02 system, PbO-BaO-Nd2 03-Ti02 A system 
and Li2 0-Na2 0-Sm2 05-Ti02 System, It is in ******** and is 1x10-4atm. It 
exceeds and is 1x10-1atm. Multilayer ceramic components of claims 6 or 7 
calcinated and obtained under the following oxygen tension. 
[Claim 9] The metal which constitutes said inner conductor is copper, and it is 
1x10-6atm. One multilayer ceramic components of claims 1-5 calcinated and 



obtained under the following oxygen tension. 

[Claim 10] A dielectric ceramic ingredient is MgO-Si02. A system and BaO-MgO- 
CoO-Nb 205 A system and PbO-CaO-Zr02 Multilayer ceramic components of 
claim 9 which is either of the systems. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to multilayer ceramic components 
mainly used in a microwave range, such as a dielectric resonator and a filter. 
[0002] 

[Description of the Prior Art] A miniaturization of the dielectric resonator used 
especially in a microwave range is desired as the use frequency domain of 
multilayer ceramic components, for example, a dielectric resonator, is expanded. 
The dielectric ceramic ingredient for microwave is variously developed from such 
a request, and it is required that a high dielectric constant should be shown as 
what realizes especially a miniaturization. 

[0003] Moreover, in order to make the resonance characteristic still higher, the 



approach of carrying out the laminating of the ceramic ingredient is adopted, 
using conductor material suitable for microwave, such as Ag and Cu, as an 
internal electrode. When producing multilayer ceramic components, such as a 
resonator, the green sheet method and laminating print processes are used, and 
the approach of carrying out coincidence baking of conductor material and the 
ceramic ingredient is adopted. 

[0004] In order to acquire sufficient property by such approach conventionally, it 
is thought that it is necessary to prevent melting of an inner conductor ingredient, 
and it was supposed. [ it ] [ necessary ] [ to calcinate at the temperature below 
the melting point of an inner conductor ingredient ] For this reason, it was 
presupposed that the ceramic ingredient with the need of calcinating at an 
elevated temperature could not be used even if high dielectric characteristics are 
shown. Consequently, various proposals are made about the dielectric ceramic 
ingredient in which low-temperature baking is possible (JP,3-295854,A, JP,3- 
295855A JP,3-295856,A, JP,3-295858,A, JP,3-295859,A, etc.). 
[0005] When examination is variously added to the above-mentioned 
conventional method, however, this invention persons By carrying out 
coincidence baking at the temperature more than the melting point of an inner 
conductor ingredient, an inner conductor fuses and carries out eburnation. The 
grain boundary in the inner conductor produced with conducting powder can be 
extinguished substantially. It has found out that improvement in a property, such 
as improving the Q value as a resonator, can be aimed at, and various proposals 
are performed (Japanese Patent Application No. No. 306760 [ three to ], 4- 
134199, 4-146478, 3-360323, 4-313997). 

[0006] However, the ceramic ingredient for low-temperature baking is used for 
these, when fusing and calcinating the above-mentioned inner conductor using 
such a ceramic ingredient, probably because the front-face nature of an inner 
conductor is not good, it especially originates in various factors, there is a 
problem that the Q value as a resonator tends to fall, and an improvement of this 
point is desired. 



[0007] In addition, in JP,2-197189,A, calcinating the alumimium nitride circuit 
board which formed the inner conductor using one or more sorts in gold, silver, 
and copper is proposed. The burning temperature with the optimal alumimium 
nitride circuit board is more than the melting temperature of the above-mentioned 
inner conductor, and fuses these inner conductors substantially at the time of 
baking, even if it uses gold, silver, and an inner conductor ingredient with 
comparatively low melting temperature like copper by this proposal using the 
earliness of the wettability badness and the eburnation rate which alumimium 
nitride has etc. - the alumimium nitride circuit board - as an internal wiring 
material - a conductor - it is supposed that the circuit was able to be formed. 
And it is thought in this case that the eburnation of the inner conductor by the 
same melting has arisen also in this invention. 

[0008] However, there is no example which manufactured the multilayer ceramic 
components for RFs (for example, 200MHz - 10GHz frequency of extent), such 
as a resonator, using such alumimium nitride, for example. In the components for 
RFs with which a miniaturization is desired, generally, it is hard to use an 
ingredient with a comparatively low dielectric constant like alumimium nitride, and 
even if it uses it, it will be enlarged. Furthermore, the wettability of alumimium 
nitride to molten metal is bad. For this reason, although the eburnation of an 
inner conductor is produced, in that interface, it is easy to produce a defect, and 
when excessive, the constriction of a conductor pattern and an open circuit arise. 
With the components for [ which is asked for the miniaturization ] RFs, with the 
lamination of a dielectric layer, when lamination and narrow thinning are called 
for and it is going to carry out especially lamination and narrow thinning, 
generating of defects, such as an open circuit of an inner conductor layer, also 
actualizes the thickness and width of face of an inner conductor layer. 
[0009] Moreover, on the occasion of baking of laminating composite part with the 
still thinner thickness of the dielectric ceramic ingredient layer between an inner 
conductor and a bill-of-materials stratification plane etc., many defectives with 
which an inner conductor and a dielectric ceramic ingredient layer exfoliate are 



generated, using an oxide as a dielectric ceramic ingredient, using silver 

especially as an inner conductor. 

[0010] 

[Problem(s) to be Solved by the Invention] As a result of being able to carry out 
eburnation of the inner conductor and being able to make front-face nature good 
moreover, using the dielectric ceramic ingredient excellent in a dielectric constant 
and dielectric loss (Q-f), the purpose of this invention can aim at improvement in 
properties, such as Q value, and is to offer multilayer ceramic components with 
little generating of the defective by exfoliation with an inner conductor layer and a 
dielectric ceramic ingredient layer, an open circuit of an inner conductor layer, etc. 
further at the time of baking. 
[0011] 

[Means for Solving the Problem] Such a purpose is attained by this invention of 
following the (1)- (10). 

(1) They are the multilayer ceramic components which have an inner conductor 
layer and two or more dielectric ceramic layers. The dielectric ceramic ingredient 
layer of the dielectric ceramic ingredient of the oxide whose sintering termination 
temperature searched for from the heat shrink curve in the programming rate of 
200 degrees C/hour is the temperature below the boiling point more than the 
melting point of an inner conductor is prepared. The multilayer ceramic 
components which formed the pattern of an inner conductor on this dielectric 
ceramic ingredient layer, carried out the laminating of this to said dielectric 
ceramic ingredient layer further, and were calcinated and obtained at the 
temperature more than the melting point of said inner conductor. 

(2) The multilayer ceramic components of the above (1) said whose burning 
temperature is the temperature beyond said sintering termination temperature. 

(3) The above (1) or (2) multilayer ceramic components whose specific inductive 
capacity epsilon in the temperature of 20 degrees C of said dielectric ceramic 
ingredient is 6.5-120. 

(4) Said dielectric ceramic ingredient is MgO-Si02. A system and CaO-MgO- 



Ti02 System, BaO-Ti02-Sn02 A system and BaO-MgO-CoO-Nb 205 System, A 
BaO-Nd2 03-Ti02-Bi2 03-aluminum2 03-MnO system, BaO-MgO-Ta 205 A 
system and Zr02-Sn02-Ti02 System, PbO-CaO-Zr02 A system and SrO-Zr02- 
Ti02 System, BaO-Sm2 05-Ti02 A system and PbO-BaO-Nd2 03-Ti02 A 
system and Li2 0-Na2 0-Sm205-Ti02 One multilayer ceramic components of 
above-mentioned (1) - (3) which is either of the systems. 

(5) The metals which constitute said inner conductor are one multilayer ceramic 
components of above-mentioned (1) - (4) whose contents of silver or copper are 
a thing beyond 90wt%. 

(6) The metal which constitutes said inner conductor is silver, and it is 1x10-1atm. 
One multilayer ceramic components of above-mentioned (1) - (5) calcinated and 
obtained under the following oxygen tension. 

(7) It has a dielectric ceramic layer in the outermost layer, and the distance from 
said outermost layer side front face of said inner conductor layer to said 
outermost layer front face is 500 micrometers. Multilayer ceramic components of 
the above (6) which is the following. 

(8) Said dielectric ceramic ingredient is CaO-MgO-Ti02. System, BaO-Ti02- 
Sn02 A system, a BaO-Nd2 03-Ti02-Bi2 03-aluminum203-MnO system, BaO- 
MgO-Ta 205 A system and Zr02-Sn02-Ti02 System, SrO-Zr02-Ti02 A system 
and BaO-Sm2 05-Ti02 System, PbO-BaO-Nd2 03-Ti02 A system and Li2 O- 
Na2 0-Sm2 05-Ti02 System, It is in ******** and is 1x10-4atm. It exceeds and is 
1x10-1atm. The above (6) or (7) multilayer ceramic components which were 
calcinated and obtained under the following oxygen tension. 

(9) The metal which constitutes said inner conductor is copper, and it is 1x10- 
6atm. One multilayer ceramic components of above-mentioned (1) - (5) 
calcinated and obtained under the following oxygen tension. 

(10) A dielectric ceramic ingredient is MgO-Si02. A system and BaO-MgO-CoO- 
Nb 205 A system and PbO-CaO-Zr02 Multilayer ceramic components of the 
above (9) which is either of the systems. 

[0012] 



[Elements of the Invention] Hereafter, the concrete configuration of this invention 
is explained to a detail. 

[0013] After the multilayer ceramic components of this invention form an inner 
conductor pattern on the green sheet of a dielectric ceramic ingredient, they carry 
out the laminating of this green sheet, stick it by pressure with a heat press, are 
calcinated after that and manufactured. The so-called printing lamination which 
carries out the laminating of the paste of a dielectric besides such so-called 
green sheet method and the paste of an inner conductor by turns may be used. 
[0014] In this case, in this invention, it is calcinating at the temperature more than 
the melting point of an inner conductor using the dielectric ceramic ingredient 
whose sintering termination temperature searched for from the heat shrink curve 
in the programming rate of 200 degrees C/hour is the temperature below the 
boiling point more than the melting point of an inner conductor. That is, the 
dielectric ceramic ingredient used for this invention is for the so-called elevated- 
temperature baking, and while an inner conductor fuses with baking, the 
description of this invention is in the place in which a ceramic ingredient forms a 
sintered compact. Therefore, in this invention, it is the temperature more than the 
melting point of an inner conductor, and calcinates at the temperature beyond the 
sintering termination temperature of a ceramic ingredient. 
[0015] The "sintering termination temperature" said to this invention points out 
theoretically the temperature in which a ceramic ingredient forms a sintered 
compact, and it asks from a heat shrink curve like the after-mentioned (refer to 
after-mentioned drawing 1 ). 

[0016] The sintering termination temperature in this invention is the temperature 
more than the melting point of an inner conductor, and is temperature with a 
melting point [ of an inner conductor ] of +150 degrees C or more especially 
preferably still more preferably preferably as mentioned above the melting point 
of +100 degrees C or more of an inner conductor the melting point of +50 
degrees C or more of an inner conductor. Moreover, temperature T20 1 ( drawing 
1 : point G) which corresponds from Point C at 80% of place between the 



sintering initiation temperature ( drawing 1 : point C) searched for from the below- 
mentioned heat shrink curve and the sintering termination temperature T20 
( drawing 1 : point F) has the desirable temperature more than the melting point 
of an inner conductor, temperature with a melting point [ of an inner conductor ] 
of +20 degrees C or more is still more desirable, and it is desirable that it is 
especially temperature with a melting point [ of an inner conductor ] of +50 
degrees C or more. Moreover, since an inner conductor evaporates when it 
comes to an elevated temperature to the extent that vapor pressure becomes 
high too much, the upper limit of sintering termination temperature is made below 
into the boiling point of an inner conductor as mentioned above. Usually, 960- 
1900 degrees C of sintering termination temperature are about 1100-1700 
degrees C preferably. In addition, the melting point of the inner conductor in the 
above and the boiling point are the melting point of an inner conductor metal (an 
alloy is also included.), and the boiling point, and are usually called for in the 
state of bulk. 

[0017] Moreover, actual sintering temperature is made into the temperature 
beyond sintering termination temperature. However, this relation is materialized 
between the sintering termination temperature searched for from the heat shrink 
curve made into a programming rate and these conditions until it reaches an 
actual burning temperature. Moreover, the above-mentioned programming rate of 
200 degrees C/hour is applied at the time of the usual baking. It sets, when it 
considers as the same programming rate, and it is the actual burning 
temperature T2. It is the same as the sintering termination temperature T20, or 
becomes the temperature of the range to temperature higher about 70 degrees C 
than this. Therefore, the melting point mp of T2, T20, and an inner conductor is 
mp<=T20 <=T2. It is desirable to have a relation. 

[0018] Thus, since the multilayer ceramic components of this invention are 
calcinated at the temperature beyond the sintering termination temperature of a 
dielectric ceramic ingredient using what is sintered at the temperature more than 
the melting point of an inner conductor as a dielectric ceramic ingredient, they 



can discharge the gas which occurs from an inner conductor at the time of baking 
out of a dielectric ceramic ingredient layer. Therefore, there is no irregularity in a 
front face and a surface state can form a good inner conductor in it. For this 
reason, properties, such as Q value as a resonator, become high. In addition, the 
gas which occurs at this time is gas which occurs at the time of baking, originates 
in vehicles, such as a binder and a solvent, for example, occurs, such as carbon 
dioxide gas and moisture. 

[0019] Moreover, when carrying out the laminating of the inner conductor to a 
dielectric ceramic ingredient layer and adopting the approach of carrying out 
coincidence baking conventionally, in order to prevent melting of an inner 
conductor, it is supposed that the ceramic ingredient sintered at temperature 
higher than the melting point of an inner conductor cannot be used, and it was 
presupposed that it could not use since burning temperature is high even if it is 
the ingredient excellent in a dielectric constant, and Q and f value (JP,3- 
290358,A etc.). However, in this invention, by making an inner conductor into a 
melting condition, eburnation of the structure of an inner conductor was carried 
out, the contact condition of a conductor has been improved, loss of a track was 
reduced, and the effectiveness of raising the Q value as a resonator has been 
acquired. For this reason, sintering temperature can be high, and can use the 
ceramic ingredient excellent in a dielectric constant, and Q and f value, can 
employ the high property of the ceramic ingredient itself efficiently, and can make 
Q value as a resonator high. 

[0020] In addition, if it becomes the temperature which the effectiveness that the 
front-face nature of an inner conductor will improve if said sintering termination 
temperature turns into temperature of under the melting point of an inner 
conductor is no longer acquired, and, on the other hand, surpasses the boiling 
point of an inner conductor, an inner conductor will disappear. Moreover, if 
burning temperature turns into temperature of under the melting point of an inner 
conductor, sintering a ceramic ingredient has not been continued and the 
effectiveness by inner conductor melting will not be acquired. 



[0021] The aforementioned "sintering termination temperature" is searched for 
from a heat shrink curve as shown in drawing 1 . As shown in drawing 1 , a 
ceramic ingredient has a certain inclination with the rise of temperature, and 
although thermal expansion is carried out, if it becomes a certain temperature, it 
will begin to shift from the inclination. The point in a heat shrink curve is set to A. 
It passes over an A point, and it begins to contract and it is begun to contract a 
ceramic ingredient at a fixed rate. The point by the side of the maximum low 
temperature of the field contracted at a fixed rate is set to B. Moreover, the point 
by the side of the maximum elevated temperature of the field contracted at a 
fixed rate is set to D. Furthermore, contraction is completed and the point by the 
side of the maximum low temperature is set to E among the fields considered 
that there is almost no volume change. 

[0022] And tangent [ in / for the intersection C of the tangent I in Point A, and the 
tangent II in Point B / sintering initiation temperature and Point D ] III The 
intersection F with the tangent IV in Point E is defined as the sintering termination 
temperature T20. 

[0023] If the conditions which sintering termination temperature described above 
are fulfilled as a dielectric ceramic ingredient used for the multilayer ceramic 
components of this invention, originally you may be what kind of thing, and it will 
not limit especially. However, 200MHz - 10GHz When using as dielectric layers, 
such as a resonator for RFs treating the frequency of extent, there is no example 
which used the nitride, the ceramic of a silicon carbide system, etc. for the 
dielectric ceramic ingredient calcinated and obtained. Moreover, with the ceramic 
of a nitride or a silicon carbide system, wettability with molten metal, such as an 
alloy containing those ingredients, the silver used as an inner conductor and 
copper, or them, is bad. With the multilayer ceramic components in a 
miniaturization and the inclination which carries out lamination, the inner 
conductor layer is also thin in thickness, and the need of also narrowing width of 
face is high further. On the occasion of baking of such multilayer ceramic 
components, the incidence rate of defects, such as an open circuit of an inner 



conductor layer, tends to become high in the dielectric ceramic layer using a 
wettability bad ceramic ingredient. Therefore, as a dielectric ceramic ingredient, 
wettability is more high and the thing which has the low incidence rate of defects, 
such as an open circuit of an inner conductor layer, and which serves as mixture 
of an oxide or an oxide by baking is desirable. For example, they are the multiple 
oxide calcinated and obtained using the ingredient system mentioned later, the 
mixture of the oxide which has rutile structure etc. in a part, etc. This inventions 
are multilayer ceramic components with the dielectric ceramic layer of the 
mixture of an oxide or an oxide which calcinated such a dielectric ceramic 
ingredient and was obtained. 

[0024] As an example of the dielectric ceramic ingredient used for this invention, 
it is MgO-Si02. A system and CaO-MgO-Ti02 A system and BaO-Ti02-Sn02 A 
system and BaO-MgO-CoO-Nb 205 A system, a BaO-Nd2 03-Ti02-Bi2 03- 
aluminum2 03-MnO system, etc. are mentioned. MgO-Si02 As a system, it is 2 
MgO-Si02 30-95-mol %, less than [ CaTi03 50 mol % ], and less than [ SrTi03 
60 mol % ]. As opposed to a total of 100-mol% of each [ these ] oxide MgO 0.1 - 
10wt%, La 203 0.1 - 10wt% -- added thing (refer to JP,47-21698,A);CaO-MgO- 
Ti02 As a system At MgTi03 70-100-mol % and Ti02 0-30-mol % a total of 100- 
mol% of each [ these ] oxide - receiving - CaTi03 1 - 9wt% - added thing 
(JP,52-118599,A);BaO-Ti02-Sn02 As a system Ti02 and BaO-x{(1-y) ySn02} 
[x=4-4.5, and thing (refer to JP,4-32483,B);BaO-MgO-CoO-Nb 203 that has the 
presentation of y= 0 - 0.10] As a system BaO56.0 - 63.0wt%, CoOO.1 - 1 1.7wt%, 
As a Nb2 05 31.0 - 34.7wt% thing (refer to JP,61-72676,A);BaO-Nd2 03-Ti02- 
Bi2 03-aluminum2 03-MnO system, MgOO.1 - 6.5wt% 9-18 mol % and Ti02 65- 
73-mol % of BaO(s), At Nd2 03 14-19-mol %, a total of 100-mol% of each 
[ these ] oxide is received. Bi 203 3.0 - 1 1 .Owt% and aluminum 203 0.1 - 2.0wt% 
and MnO -- 0.1 - 1 .Owt% - it is what was added (Japanese Patent Application No 
No. 327352 [ three to ] by these people). In addition, BaO-MgO-Ta 205 A system 
and Zr02-Sn02-Ti02 A system and PbO-CaO-Zr02 A system and SrO-Zr02- 
Ti02 A system, BaO-Sm2 05-Ti02 system, and PbO-BaO-Nd2 03-Ti02 A 



system and Li2 0-Na2 0-Sm2 05-Ti02 A system etc. can be used. 
[0025] BaO-MgO-Ta 205 As a system, it is shown by the empirical formula of 
Bay 0(Mg1-x Tax) 3 however 0.28<=x<=0.39, and 0.98<=y<=1.00, for example. 
Zr02-Sn02-Ti02 As a system, it is shown by Ti04, however the empirical 
formula of 0.1<=x<=0.3, for example (Zr1-x Snx). PbO-CaO-Zr02 As a system, it 
is shown by Zr03, however the empirical formula of 0.35<=x<=0.5, for example 
(Pb1-x Cax). SrO-Zr02-Ti02 As a system, it is shown by the empirical formula of 
Sry 0(Zr1-x Tix) 3 however 0<=x<=0.1, and 0.98<=y<=1.01, for example. BaO- 
Sm2 05-Ti02 as a system - xBaO-ySm2 05-zTi02 ****** - it is the thing of 
O.K= x <=0.2, 0.1<=y<=0.2, and 0.6<=z<=0.75. PbO-BaO-Nd2 03-Ti02 as a 
system - xBaO-yNd2 03-zTi02 ****** - 0.02<=x<=0.25, 0.05<=y<=0.41, and 
0.50<=z<=0.82 - it is - the sum total of each [ these ] component - receiving - 
further - PbO - less than [ 17wt% ] -- it contains. U2 0-Na2 0-Sm2 05-Ti02 As 
a system, it is shown by the empirical formula of 0.25<=x<=0.35, 0.15<=y<=0.25, 
and 0.4<=z<=0.6, for example (Lix Nay Smz) as Ti03, however x+y+z=1. 
[0026] Moreover, in addition to the above-mentioned basic presentation, further, 
the need is accepted and it is MnO, CuO, ZnO, Sn02, PbO, NiO and W03, Si02, 
and B-2 05. And the Nb2 05 grade may be added. 
[0027] Moreover, specific inductive capacity [ in / in the above-mentioned 
dielectric ceramic ingredient / 20 degrees C ] (epsilon) has 6.5-120, and the 
microwave dielectric characteristics 3500-225000, and whose resonance 
frequency temperature coefficient (tauf) especially 20-120, and dielectric loss (Q 
and f value) are -4.5-+8.5 ppm/degree C. In addition, it asks for tauf as a slope of 
a line which connected -40 degree C resonance frequency and the resonance 
frequency of 80 degrees C. 

[0028] In this invention, although the ceramic ingredient which uses the 
aforementioned oxide aggregate as a principal component is used for the 
insulating dielectric ceramic ingredient layer which forms the pattern of an inner 
conductor paste, glass may be added suitably. Although addition glass changes 
with configurations of the oxide aggregate for example, in the thing of a BaO-Nd2 



03-Ti02-Bi2 03-aluminum2 03-MnO system PbO - 20 - 86.5wt% - desirable - 
30 - 84wt% and B-2 03 8.5 - 21wt% - desirable - 9 - 19wt% and ZnO - 5 - 
50wt% - desirable ~ 7 - 43wt% - it is desirable to use the glass to contain, such 
glass -- setting - further - aluminum 203 And/or, Si02 the content when 
containing and containing these things - aluminum 203 less than [ 20wt% ] - 
desirable - 0.1 - 5wt% and Si02 It is good less than [ 9wt% ] and to consider as 
2- 7wt% preferably. 

[0029] Before sintering, such a ceramic ingredient of a dielectric adds a vehicle 
and let it be a slurry. As a vehicle, solvents, such as binders, such as ethyl 
cellulose, a polyvinyl butyral, methacrylic resin, and butyl methacrylate, a 
terpineol, butyl carbitol, butyl carbitol acetate, acetate, toluene, alcohol, and a 
xylene, other various dispersants, an activator, a plasticizer, etc. are mentioned, 
and the thing of arbitration is suitably chosen according to the purpose among 
these. As for the addition of a vehicle, it is desirable to consider as about 65- 
85wt% to the total quantity 100 weight section of the oxide aggregate and glass. 
[0030] As an inner conductor, especially for a limit, although there is nothing, the 
conductivity in a direct current of an inner conductor layer is 1x105. It is desirable 
to use 1 more than [ omega-1 cm to ] conductor material. Moreover, although 
there is especially no limit in the upper limit of conductivity, it is usually 6.2x105. 
It is about [ omega-1 cm to / 1 ]. 

[0031] Specifically, it is desirable to use silver (6.17x105 omega-1 cm-1) and 
copper (5.81x105 omega-1 cm-1). In a more desirable mode, the melting point 
uses the silver near 960 degree C, or the copper near the melting point of 1060 
degrees C. Under the present circumstances, it is desirable that the content of 
silver or copper uses the virgin silver or the pure copper beyond 99.9wt% for the 
thing beyond 90wt% especially more than purity 99wt%, and a pan. Thus, by 
using especially virgin silver thru/or a pure copper, the specific resistance and 
loss which are the inverse number of conductivity can be made very small, and 
the Q value of a resonator can be raised. 

[0032] Therefore, in the case of silver, it is 960 degrees C or more in temperature 



which is the melting point, and it is desirable to calcinate at the temperature 
beyond the sintering termination temperature of a ceramic ingredient, and it is 
desirable to usually consider as the temperature of 1 150-1750 degrees C and 
further 1200-1700 degrees C. Moreover, in the case of copper, it is 1060 degrees 
C or more in temperature which is the melting point, and it is desirable to 
calcinate at the temperature beyond the sintering termination temperature of a 
ceramic ingredient, and it is desirable to usually consider as the temperature of 
1 150-1750 degrees C and further 1200-1700 degrees C like the case where it is 
silver. 

[0033] The efficiency of this invention appears by carrying out coincidence baking 
with ceramic ingredient layers, such as a green sheet, with such a burning 
temperature. If burning temperature becomes under the melting point and, as for 
this, becomes low too much, the efficiency of this invention will not appear, but if 
too high, an inner conductor will disappear by evaporation. As for baking, in the 
case of silver, it is usually desirable to carry out about 5 to 20 minutes more 
preferably at the above-mentioned temperature in air for 1 minute to about 1 hour. 
Moreover, in the case of copper, it is usually 10-6atm about oxygen tension. It 
carries out by controlling below. In addition, baking may be performed two or 
more times and it considers as baking more than the melting point with which are 
satisfied of the above-mentioned conditions once [ at least ] then. 
[0034] Although approaches, such as inserting the silver foil of a predetermined 
configuration etc. into a dielectric green sheet, or performing printing or an 
imprint of conductive paste as the formation approach of an inner conductor 
pattern, are mentioned, especially print processes are desirable. 
[0035] the mean particle diameter (diameter of a major axis when there is an 
anisotropy) of conducting powder, such as silver dust used when forming a 
pattern with conductive paste, and copper powder, - 0.5-20 micrometers extent - 
- more - desirable - 1-5 micrometers ** -- carrying out is desirable. If 
dispersibility cannot worsen, the content of the conducting powder in conductive 
paste cannot be made [ many ], if particle size is too small, and a content is 



made [ many ], viscosity becomes high and it becomes impossible to form a 
precise pattern. On the other hand, if particle size is too large, formation of the 
pattern by screen-stencil, a replica method, etc. will become difficult. Moreover, 
although there is especially no constraint in the configuration of silver dust, 
generally it supposes that it is spherical and is good also considering the part or 
all as a scale-like thing. 

[0036] As for especially the content of the conducting powder under inner 
conductor paste, considering as 70 - 90wt% is desirable 60 - 95wt%. If there are 
few contents, specific resistance decreases, Q value falls, some patterns after 
baking are disconnected or specific resistance and Q value vary. Moreover, if too 
large, the viscosity of a paste will increase and pattern formation will become 
difficult. 

[0037] Moreover, it is desirable to add the glass frit which may add a glass frit for 
the paste of an inner conductor, and has softening temperature especially near 
the conducting powder melting point. By adding such a glass frit, generating of 
the network structure after melting can decrease and the variation in Q value can 
be suppressed. 

[0038] Especially addition of a glass frit is effective, when the conductor material 
of impalpable powder with small mean particle diameter is used and diffusion of 
an inner conductor ingredient is prevented, in the conductor material of a major 
diameter, diffusion does not pose a problem so much, but addition of a glass frit 
has comparatively desirable how to bend in this case. The direction which does 
not add a glass frit can reduce loss of the transmission line further. 
[0039] When adding the glass frit under inner conductor paste, further 3 - 8wt% 
of the content is desirable a 10wt% less or equal, especially 1 - 10wt%. Moreover, 
as for especially a glass frit especially, it is desirable [ 4 - 6wt% / in a volume 
ratio ] a 10wt% less or equal, especially 2 - 10wt% to conducting powder 5-10 
volume % To be contained in two to 30 volume % and a pan below 30 volume %. 
[0040] Conducting powder, such as silver dust, and a vehicle besides a glass frit 
are contained in an inner conductor paste. As a vehicle, solvents, such as 



binders, such as ethyl cellulose, a polyvinyl butyral, methacrylic resin, and butyl 
methacrylate, a terpineol, butyl carbitol, butyl carbitol acetate, toluene, alcohol, 
and a xylene, other various dispersants, an activator, a plasticizer, etc. are 
mentioned, and the thing of arbitration is suitably chosen according to the 
purpose among these. As for the addition of a vehicle, considering as about 10- 
20wt% is desirable during a paste. 

[0041] The membrane formation approach of an inner conductor paste should 
just be based on well-known screen printing, a replica method, etc. 
[0042] Moreover, this invention forms an inner conductor from at least two sorts 
of ingredients with which the melting points differ, it is more than the melting point 
of a low-melt point point inner conductor among inner conductors, and moreover 
is the temperature of under the melting point of a high-melting inner conductor, 
and may calcinate it at the temperature beyond the sintering termination 
temperature of a ceramic ingredient. 

[0043] As a low-melt point point inner conductor in this case, it is desirable to use 
the above-mentioned silver and copper, and the same effectiveness as the 
above is acquired. 

[0044] What is necessary is on the other hand, just to use a conductor with the 
melting point higher than the conductor used for a low-melt point point inner 
conductor as a conductor used for a high-melting inner conductor. However, 
since it calcinates at the middle temperature of the melting point of each a low- 
melt point point and high-melting inner conductor, in order to calcinate both good, 
as for especially the melting point of the conductor used for a high-melting inner 
conductor, it is desirable that 30 degrees C or more are 50-200 degrees C and 
what is high further 50-100 degrees C to the melting point of a low-melt point 
point inner conductor. In addition, since this can also be made to alloy as a high- 
melting inner conductor using two sorts of metal powders, for example, Ag 
powder, and Pd powder like the after-mentioned, without performing melting of 
Ag on the occasion of baking, at this time, that melting point is the melting point 
of an alloy. 



[0045] As a conductor used for such a high-melting inner conductor, when using 
silver for the conductor of a low-melt point point inner conductor, less than 
[ 30wt% ] and the Ag-Pd alloy which contains 5 - 10wt% Pd especially are 
suitable. In this case, Ag powder and Pd powder may be mixed and used instead 
of using an alloy. If homogeneity is made to distribute these, on the occasion of 
baking, alloying with Ag and Pd will progress first, and Ag will not fuse. As 
opposed to silver In addition, less than [ 100wt% ], less than [ Ag-Au 
alloy;20wt% ] which contains 50 - 60wt% Au especially, The Ag-Pt alloy which 
contains 5 - 10wt% Pt especially; Less than [ 20wt% ], The Au-Pd alloy which 
contains 5 - 20wt% Pd especially; Less than [ 10wt% ], Au-Pt alloy; which 
contains 5 - 10wt% Pt especially - golden; - copper; - Au-Cu alloy; containing 
Au not more than 25wt% - Au-Cu alloy; containing Cu not more than 20wt% - 
less than [ 10wt% ] - The Cu-Pt alloy which contains Pt not more than 5wt% 
especially; less than [ 25wt% ], the Cu-nickel alloy which contains nickel not more 
than 10wt% especially are usable. When using copper for a low-melt point point 
inner conductor furthermore, 7 - 30wt%, and Ag-Pt alloy;2 which contains 10 - 
20wt% Pt especially - 20wt %, An Au-Pd alloy, 2 - 20wt% which contains 2 - 
10wt% Pd especially, The Au-Pt alloy which contains 2 - 10wt% Pt especially; 
less than [ 30wt% ], less than [ Cu-Pt alloy;40wt% ] which contains 15 - 20wt% Pt 
especially, the Cu-nickel alloy which contains 20 - 30wt% nickel especially are 
usable. 

[0046] In addition, two or more sorts may be used as a high-melting inner 
conductor, and two or more sorts of low-melt point point inner conductors may be 
used depending on the case. Moreover, a high-melting inner conductor may fuse 
a part of the component. However, a low-melt point point inner conductor fuses 
the all substantially. 

[0047] The detail of the inner conductor ingredient at the time of carrying out 
coincidence baking at the temperature more than the melting point of the above 
inner conductor ingredients is indicated by Japanese Patent Application No. No. 
134199 [ four to ] by these people, and Japanese Patent Application No. No. 



146478 [four to]. 

[0048] Moreover, in this invention, depending on the ceramic ingredient or 
conductor material to be used, the oxygen tension of a firing environments may 
be made lower than the oxygen tension in atmospheric air, and may be 
performed. For example, when using the ceramic ingredient which added the 
above glass, using silver as a conductor material, it is 5x10-2atm about oxygen 
tension. Considering as the following is desirable. Silver lamination, as a result 
disappearance can be prevented by this, and Q value as a resonator can be 
made high. However, in order to enable sintering of the glass component of a 
ceramic ingredient, the lower limit of oxygen tension is 5x10-5atm. It carries out. 
[0049] Furthermore, in case silver is used especially as an inner conductor 
ingredient, it is 1x10-1atm about the oxygen tension at the time of baking. It is 
5x10-2atm more preferably hereafter. It is 1x10-2atm especially hereafter. 
Considering as the following may be desirable. In case a laminating is carried out 
to a dielectric ceramic ingredient layer and it calcinates, using silver as an inner 
conductor ingredient, it is known that silver will dissolve the oxygen in an ambient 
atmosphere at the time of melting. The oxygen which dissolved to silver at this 
time is emitted as oxygen gas at the time of cooling solidification of melting silver. 
This emission oxygen gas becomes the cause of raising the internal pressure 
between the dielectric ceramic layers which adjoin an inner conductor layer. 
[0050] Although it is rare for a problem to arise substantially since the mechanical 
strength which a dielectric ceramic layer has is also comparatively high when the 
thickness of said adjoining dielectric ceramic layer is thick at this time, the rise of 
the internal pressure by generating of emission oxygen gas becomes a cause, 
and between an inner conductor and a dielectric ceramic ingredient layer, an 
opening may be generated and it may become the cause of a fall of the Q value 
of a resonator. 

[0051] On the other hand, it has a dielectric ceramic layer in the outermost layer 
of the direction of a laminating at the time of baking. The distance (t and/or t 1 
which are illustrated to drawing 4 ) from the front face by the side of said 



outermost layer of an inner conductor layer to said outermost layer front face It is 
500 micrometers after baking. The following and 300 more micrometers It is 
especially 200 micrometers hereafter. When it is the following, the rise of the 
internal pressure between the dielectric ceramic layers which adjoin the inner 
conductor layer by said emitted oxygen gas by the cause It is easy to cause the 
accident on which the adjoining dielectric ceramic layer and an inner conductor 
layer exfoliate. In this case, there is a dielectric ceramic layer of the outermost 
layer of the direction of a laminating which is the part which exfoliation accident 
tends to generate two direction upper and lower sides of a laminating. Among 
these, when the distance from the front face by the side of the outermost layer of 
one [ at least ] inner conductor layer to an outermost layer front face is said 
following, it is easy to cause the accident by exfoliation. In addition, the thickness 
of said dielectric ceramic layer is usually 40 micrometers. It is used above. 
[0052] In such a case, it is said 1x10-1atm about the oxygen tension at the time 
of baking. It is 5x10-2atm more preferably hereafter. It is 1x10-2atm especially 
hereafter. Considering as the following is desirable, namely,, so that the 
thickness of said dielectric ceramic ingredient layer which is in the outermost 
layer of the direction of a laminating at the time of baking is thin - silver - since it 
is easy to generate exfoliation in response to the effect of the internal pressure 
rise between the conductors and dielectric ceramic layers by the oxygen gas 
emitted at the time of cooling solidification of a conductor, it is so desirable that 
the thickness of a dielectric ceramic ingredient layer is thin to make low the 
oxygen tension at the time of baking. 

[0053] However, the inside of the dielectric ceramic ingredient described above 
when the oxygen tension at the time of baking was made low, CaO-MgO-Ti02 A 
system and BaO-Ti02-Sn02 System, A BaO-Nd2 03-Ti02-Bi2 03-aluminum2 
03-MnO system, Zr02-Sn02-Ti02 A system and SrO-Zr02-Ti02 System, BaO- 
Sm2 05-Ti02 A system and PbO-BaO-Nd2 03-Ti02 A system and Li2 0-Na2 O- 
Sm205-Ti02 For a system etc., the oxygen tension at the time of baking is 1x10- 
4atm. Below, it becomes that it is easy to be returned. When components, such 



as a resonator, are constituted when the dielectric ceramic ingredient was 
returned for example, the Q value will fall remarkably. For this reason, the 
dielectric ceramic ingredient of these presentations is used and the distance of 
the outermost layer front face of the direction of a laminating and the front face 
by the side of the outermost layer of an inner conductor layer is said 500 
micrometers further at the time of baking. The multilayer ceramic components 
with the following configurations 1x10-4atm It exceeds and is 1x10-1atm. They 
are 5x1 0-2-1 x10-3atm, especially 1x1 0-2-1 x10-3atm more preferably hereafter. 
Calcinating under oxygen tension is desirable. 

[0054] Moreover, when using especially copper as conductor material, it is 
usually 1x10-6atm about oxygen tension as mentioned above. It carries out by 
controlling below. When oxygen tension is too high, an internal electrode may 
disappear by copper oxidation. 

[0055] However, there is an ingredient which will be returned as mentioned 
above if oxygen tension is reduced depending on a dielectric ceramic ingredient. 
For this reason, when using copper for an inner conductor, it is desirable to use 
the ingredient which is hard to be returned even if it reduces oxygen tension. As 
such an ingredient, it is MgO-Si02. A system and BaO-MgO-CoO-Nb 205 A 
system and PbO-CaO-Zr02 A system etc. is mentioned. 
[0056] The multilayer ceramic components of this invention have the high Q 
value as a resonator, and about 280 to 430 Q value is obtained on conditions 
with a thickness [ of a dielectric ] of 3mm. 

[0057] As multilayer ceramic components of this invention, for example, a 
laminating mold filter may be the thing of a configuration of being shown in 
drawing 2 . 

[0058] The filter 1 shown in drawing 2 is a two-step filter, and inner conductors 21, 
22, and 23 are put in the element assembly 1 1 of a dielectric ceramic ingredient 
in between like illustration. 

[0059] Moreover, you may be the thing of a configuration of being shown in 
drawing 3 , and a filter 2 is put in between in the element assembly 1 1 of a 



dielectric ceramic ingredient by juxtaposition like illustration of inner conductors 
25 and 26. 

[0060] In addition, the outside surface is covered with the metal or the insulating 
material also in which filter of drawing 2 and drawing 3 . 
[0061] Furthermore, you may be the thing of a configuration of being shown in 
drawing 4 . In drawing 4 , it has a dielectric ceramic layer in the outermost layer 
of the direction of a laminating, and the inner conductor layers 27 and 29 are 500 
micrometers from the outermost layer front face of said direction of a laminating. 
It is arranged at the following distance. Thus, at least one side of thickness t of 
the dielectric ceramic layer of the outermost layer or f is 500 micrometers after 
baking. It is the following, and when using silver for the inner conductor layer 27 
or 29 further, the dielectric ceramic layer of the outermost layer becomes easy to 
exfoliate with the inner conductor layer 27 or 29 as mentioned above. In addition, 
with the filter shown in drawing 4 , since the inner conductor layers 27 and 29 
function as a shielding layer, an external electrode is not usually prepared in an 
outside surface. 

[0062] Such a laminating mold filter casts a green sheet with a doctor blade 
method etc. using the temporary-quenching powder of a dielectric ceramic 
ingredient, it carries out the laminating of the sheet which printed the paste of an 
inner conductor ingredient with screen printing etc. to it, and printed it by the 
predetermined pattern to it, and it carries out thermocompression bonding with a 
heat press, and it is the temperature more than the melting point of an inner 
conductor after a debinder, and can be calcinated and obtained at the 
temperature beyond the sintering termination temperature of a ceramic ingredient. 
Then, what is necessary is to print the paste for external electrodes if needed, 
and just to carry out it being burned and carrying out an external electrode etc. In 
addition, it is good also by the printing lamination. 

[0063] Thus, the thickness of the whole dielectric of the laminating mold filter 
obtained is about 0.5-4mm. Moreover, the thickness of an inner conductor is 20- 
100 micrometers. Extent and width of face are about 0.5-2mm. 50 micrometers in 



under the present circumstances, thickness The following and 40 more 
micrometers The effectiveness of this invention is doubled at the following times. 
Moreover, the thickness of a dielectric ceramic layer is 40-150 micrometers. It is 
extent. In addition, the multilayer ceramic components of this invention are 
usually 200MHz. It is 800MHz - 10GHz especially above. It is used in the 
frequency band of extent. 
[0064] 

[Example] Hereafter, an example explains this invention concretely. 
[0065] By each presentation shown in example 1 table 1, it is 150-200 
micrometers after temporary quenching, grinding, and slurry preparation and by 
the doctor blade method. A green sheet is cast. Carry out laminating 
thermocompression bonding of the sheet which screen-stenciled Ag conductive 
paste and was printed to it, calcinate after a debinder on the conditions shown in 
Table 1, make an external electrode this baking object with silver baking after 
printing the paste for external electrodes, and it sets to drawing 2.1/ 4lambda 
resonator (sample A-l) which made the resonator one step were produced 
respectively (Table 1). The number of laminatings at this time was made into 20 
layers. 

[0066] It sets to 1 / 4lambda resonator, and the thickness of an inner conductor is 
60 micrometers. Width of face was 2mm. 

[0067] Moreover, thickness of a dielectric was set to 3.0mm as shown in Table 1 . 
[0068] The whole dimension was set to 1/4lambda(1/4 of wavelength lambda in 
dielectric) x5mmx3.0mm. 

[0069] In addition, Ag conductive paste used in the above carries out mixed 
distribution with 3 rolls, and obtains the thing of the presentation shown below. In 
addition, the melting point and the conductivity of Ag are shown in Table 1. 
[0070] 

Silver dust (mean-diameter 3micrometer : 99.9% or more of purity) 90wt% Acrylic 
resin (binder) 2.5wt% Terpineol (solvent) 7.5wt% [0071] Furthermore, YHP8510 
network analyzer estimated the filter shape of 1 / 4lambda resonator produced as 



mentioned above, and it calculated the Q value as a resonator. A result is shown 
in Table 1 . 

[0072] In addition, production of the green sheet of the dielectric ceramic 
ingredient in the above was performed according to the approach of Japanese 
Patent Application No. No. 327352 [ three to ] by JP t 47-21698,A, JP,52- 
118599A JP,61-72676,A, JP,4-32483,B, and these people etc. The temporary- 
quenching conditions in that case were carried out as shown in Table 2. 
[0073] Moreover, in the above, instead of producing a green sheet, it cast in the 
shape of a cylinder, and calcinated as baking conditions shown in Table 2, and 
the sample was obtained (sample No. 1-8). After processing these samples into 
10mm phix5mm, a dielectric constant (epsilon), and Q and f value were 
calculated with the dielectric resonance method. Moreover, it asked for the slope 
of a line which connected the resonance frequency of -40 degrees C, and the 
resonance frequency of 80 degrees C, and the resonance frequency temperature 
coefficient (tauf) was computed. The result was shown in Table 2. 
[0074] Furthermore, about each ingredient, sintering termination temperature 
(degree C) and sintering initiation temperature (degree C) were searched for 
from the heat shrink curve in the programming rate of 200 degrees C/hour, and it 
was shown in Table 3. 
[0075] 
[Table 1] 
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[0076] 
[Table 2] 
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[0077] 
[Table 3] 



No. mm 2 0 0X2/hr) 



2MgO-SiO 2 -CaTi0 3 -SrTi0 3 1 2 2 6X2 1 1 4 1 X2 

(9WX>) (2m) am) 



-MgO - La 2 0 3 
(I.5wt%) (1.5wt%) 



2 MgTi0 3 -T10 2 - CaTi0 8 1 3 5 7*0 1 1 7 9X2 
(90m) iiOW,) (6.2wt%) 

3 BaO - CoO - MgO - Nb a 0 B 1 468X2 13 06X: 
(58. 8wt%) (4. 8wt%) (2. 6wtX) (33. 8wt%) 

4 BaO-x ((l-y)Ti0 2 ySn0 2 ) 1 3 07X2 11 72X2 

(x=4.4,y=0.09) 

5 BaO Ti0 2 - Nd 2 0 3 1 2 8 2*C 1 1 54X2 
(14. 7« [70. Gm) {lb. 2m) 

- Bi 2 0 3 - A1 2 0 3 - MnO 
(7. 5wtX) (1. Owtt) (0. lwt%) 

6 Ba(Mgix 3 Ta 2/3 )0 8 1 6 5 2X2 1 5 23X: 

7 (Zr 0 . aSno. 2 )Ti04 1 5 80X2 1 44 5X2 

8 (Pb 0 . B3 Cao. 37 )Zr03 14 2 7X2 1 2 8 1X2 



[0078] 1 / 4lambda resonator of this invention show high Q value so that clearly 
from the result of Table 1 . when carrying out coincidence baking of a dielectric 
ceramic ingredient and the conductor material and producing a laminating filter 
conventionally, it is necessary to calcinate at the temperature which does not 
fuse an inner conductor ingredient, and a thing for elevated-temperature baking 
which is used above presupposes that it cannot use - having - **** (JP,3- 
290358.A etc.) - the fact which reverses this became clear. 



[0079] When the ceramic ingredient for low-temperature baking (the sintering 
termination temperature in the programming rate of 200 degrees C/hour is 
presumed to be 925 degrees C or less.) indicated by the JP,3-295856,A example 
6 was actually used, and also 1 / 4lambda resonator was similarly produced like 
the above and Q value was calculated, it turned out that Q value clearly lower 
than the thing of this invention is shown. 

[0080] The resonator with the configuration of drawing 4 was calcinated like the 
example 1 using the presentation of Samples E, H, and I shown in example 2 
table 1 . However, thickness [ of the surface dielectric ceramic ingredient layer 
which makes a firing environments each condition which shows oxygen tension 
in Table 4, and is shown in drawing 4 ] t, and t' is 200 micrometers after baking. 
As it became, sample No.21-24, 31-34, and 41-46 were produced. 
[0081] Furthermore, a firing environments is 400 micrometers after baking using 
the presentation of Sample E about thickness [ of the dielectric ceramic 
ingredient layer of the direction surface of a laminating which makes the 
conditions which show oxygen tension in Table 4, and is shown in drawing 4 ] t, 
and t\ As it became, it reached sample No.25, and 26 was produced. 
[0082] The exfoliation situation of the dielectric ceramic ingredient layer of the 
direction surface of a laminating of each obtained baking object was evaluated, 
and the result was shown in Table 4. 

[0083] Subsequently, 1 / 4lambda resonator was produced about the sample in 
which exfoliation was not accepted. The number of laminatings at this time was 
made into 20 layers among inner conductors 27 and 29. It sets to 1 / 4lambda 
resonator, and the thickness of an inner conductor 28 is 60 micrometers. Width 
of face was 2mm. Moreover, thickness of the dielectric of a resonator part was 
set to 3.0mm as shown in Table 1. The dimension of the whole resonator part 
was set to 1/4lambda(1/4 of wavelength lambda in dielectric) x5mmx3.0mm. 
[0084] The filter shape of each obtained resonator was measured like the 
example 1 , and the result was shown in Table 4. Moreover, the data of the Q 
value of the resonator of a baking-among atmospheric air sample (No.21 , 25, 31 



and 41) with which exfoliation was accepted described the thing of the 
dielectric ceramic ingredient of Table 1 in Table 4. 
[0085] 
[Table 4] 



o 
o 

CM 



O 
O 

eg 



o 
O 
cm 



o 
o 
CM 



o 
o 



o 
o 



o o o o 
o o o o 

CM CM CM CM 



o o o o o o 
o o o o o o 

CM CM CM CM CM 



CM 
CM 
CO 



O 
CM 
CO 



CO 

o 

CO 



CO 



CM 
CM 
CO 



00 

to 



00 ^ CM O 
CO 00 10 t 
CO CO CO — < 



O O 00 N CO h 
O h 03 0) 00 00 
CO CO CM CM CM CM 




n&G oft fl* fifc 



-) «J _) _3 _) 
nR» nR 



to 

< 



1 


19 

1 


1 




n 
i 




N 

1 


1 


1 




M 


•9 








o 


o 


o 


•ft- 


o 




o 


o 


o 




1 

o 


1 

o 


1 

o 


1 

o 


t 

o 


r-i 








* 


! 








! 






1—1 




i-H 


X 


X 


X 




X 




X 


X 


X 




X 


X 


X 


X 


X 


rH 


1-1 












f— 1 










•—I 






to 


tlo 


to 


to 


to 




bo 


bo 


to 


to 


to 


to 


to 


to 


to 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 



i ,o V e> ~S ""^o To 

^1 S£ <2t SIS 

. 5° ^° 5= 3° ;° 

» * fc? »a? « 

H <zt °«t 

s"! ^ a"! a-! a-! 

i i ^ it^ j it— i ^ 

Sin Stn Sift 2: in § ir> Sin 

o § o§ ol o§ o *§ O If 

ho Ho MO H« O H» O Mo 



o o 


o o 


§ S 


» « W fj 

s s § § 

»- f V 


d e 


n n 
d d 


J J 

CO (Q 
ID CO 


odd© 

3 5 3 3 

•0 M M ■» 

o © • c 


d d 


d d 


6 6 


d d d d 



CM CO TT lO CD h w cQ ^ h N po t lO (D 

CM CM CM CM CM CO CO CO CO ^ ^ «tf «sf 



[0086] If there is no generating of exfoliation of the oxygen tension of a firing 
environments in the range of this invention and the oxygen tension of a firing 
environments is made into the inside of atmospheric air so that clearly from the 
result of Table 4, exfoliation will have occurred. Moreover, if the oxygen tension 
of a firing environments is set to 1x10-4, the property of a resonator will fall in the 
example using Samples E and H as a dielectric ceramic ingredient. On the other 
hand, in the example using Sample I as a dielectric ceramic ingredient, even if 
the oxygen tension of a firing environments is 1x10-6, the fall of the property of a 
resonator is not accepted. 

[0087] In addition, the sintering termination temperature T20 of the dielectric 
ceramic ingredient in above-mentioned this invention All are temperature with a 
melting point [ of Ag ] of +150 degrees C or more. Moreover, it was checked that 
temperature 120' ( drawing 1 : point G) which is equivalent to 80% of place from 
Point C in the distance of the sintering initiation temperature ( drawing 1 : point 
C) and the sintering termination temperature T20 ( drawing 1 R> 1: point F) 
which were searched for from the heat shrink curve is temperature with a melting 
point [ of Ag ] of +50 degrees C or more. 

[0088] As an example 3 dielectric ceramic ingredient, using the samples A, D, 
and E shown in Table 1 , the green sheet was cast by each presentation like the 
example 1 , and the straight-line pattern was printed with screen printing using the 
same Ag conductive paste as an example 1 to it. Laminating thermocompression 
bonding of the green sheet of the dielectric ceramic ingredient same further 
respectively on the printed sheet was carried out, the oxygen tension behind a 
debinder and in a firing environments was set to 1x10-2, and others were 
calcinated according to the baking conditions of each dielectric ceramic 
ingredient shown in Table 1, and acquired the baking object. 
[0089] The size of a baking object is 400 micrometers in 56mm long, 65mm wide, 
and thickness. It carried out. moreover, Ag - a conductor - a baking object 



lengthwise direction - 24 per 1 baking object - almost - regular intervals - 
arranging - each straight-line pattern of a conductor - the size after baking - 
about 40 micrometers in die length of about 46mm, 1mm of ****, and thickness It 
printed so that it might become. In addition, the printing location of a conductor 
was made into the location which is not exposed to the laminating backward 
exterior. 

[0090] observation place each acquired baking object (ten per dielectric ceramic 
ingredient 1 presentation were produced) on a transparence glass plate, irradiate 
the source of the light from the glass plate lower part, and according the 
transmitted light to viewing, and observation of the transparency X-ray image by 
the conventional method - carrying out - Ag - the existence of the open-circuit 
part of a conductor was investigated. Consequently, the open-circuit part was 5- 
10 per 1 baking object about the sample of each dielectric ceramic ingredient. 
[0091] As an example of comparison 1 dielectric ceramic ingredient, it is the 
mean particle diameter of about 1 micrometer. It used in the end of alumimium 
nitride powder, the calcium carbonate of the amount which becomes 0.5wt(s)% 
by CaO conversion as sintering acid further was added, and the green sheet was 
created as a slurry with the binder etc. Using Ag conductive paste, the same 
pattern as an example 3 was printed similarly, laminating thermocompression 
bonding of the still more nearly same green sheet was carried out, after the 
debinder, in nitrogen-gas-atmosphere mind, the temperature of 1600 degrees C, 
it calcinated for 10 minutes and the baking object was acquired. In addition, the 
size of a baking object or a conductor, a pattern, the printing position of a 
conductor, etc. presupposed that it is the same as an example 3. 
[0092] ten acquired baking objects - an example 3 - the same - carrying out - 
Ag - the existence of the open-circuit part of a conductor was investigated. 
Consequently, although an open-circuit part is 40-50 per 1 baking object and it 
did not result to the open circuit further, many parts the width of face of a 
conductor carried out [ parts ] a constriction were accepted. 
[0093] When the mixture of an oxide or an oxide is used as a dielectric ceramic 



ingredient so that more clearly than an example 3 and the example 1 of a 
comparison, as compared with the case where wettability bad alumimium nitride 
with molten metal is used, the disconnection fault incidence rate of a conductor 
falls greatly. 

[0094] Using copper as an example 4 inner-conductor ingredient, using the 
presentation of the samples A, C, and I of Table 1 as a dielectric ceramic 
ingredient, oxygen tension was set to 1x10-6 as a firing environments, and also 
the resonator was created like the example 1 . 

[0095] In addition, used Cu conductive paste carries out mixed distribution with 3 

rolls, and obtains the thing of the presentation shown below. 

[0096] 

Copper powder (mean-diameter Smicrometer : 99.9% or more of purity) 90wt% 
Acrylic resin (binder) 2.5wt% Terpineol (solvent) 7.5wt% [0097] Each obtained 
resonator showed the good resonator property (Q value). 
[0098] 

[Effect of the Invention] According to this invention, the dielectric ceramic 
ingredient which could carry out eburnation of the inner conductor, and could 
moreover make front-face nature good, and was excellent in a dielectric constant, 
dielectric loss (Q-f), etc. can be used, and, as a result, improvement in properties, 
such as Q value, can be aimed at. Furthermore, generating of generating of the 
defective by exfoliation with an inner conductor layer and a dielectric ceramic 
layer, an open circuit of an inner conductor layer, etc. can be decreased at the 
time of baking. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the heat shrink curve for explaining how 
searching for sintering termination temperature. 

[Drawing 2) It is the outline block diagram showing the laminating mold filter in 
this invention typically. 

[Drawing 3] It is the outline block diagram showing the laminating mold filter in 
this invention typically. 

[Drawing 4] It is the outline block diagram showing the laminating mold filter in 
this invention typically. 
[Description of Notations] 
1, 2, 3 Laminating mold filter 

1 1 Element Assembly of Dielectric Ceramic Ingredient 
21-23, 25-29 Inner conductor 
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